Introduction {#S0001}
============

Chronic hepatitis B virus (HBV) infection has become a serious global public health burden.[@CIT0001]--[@CIT0003] Epidemiological studies have shown that approximately 240 million patients are diagnosed with chronic HBV infection.[@CIT0001],[@CIT0004],[@CIT0005] Anti-HBV treatment is the most basic and important treatment for chronic hepatitis B (CHB).[@CIT0006] Currently, interferon and nucleoside analogs (NAs) are the drugs licensed for anti-HBV treatment.[@CIT0007]--[@CIT0010] By inhibiting HBV replication to prevent the progression of liver disease in CHB patients, NAs cannot directly remove HBV covalently closed circular DNA.[@CIT0011] Therefore, most CHB patients need to undergo NAs treatment for a long period.[@CIT0012]--[@CIT0015]

Long-term disease burden and use of NAs may cause a decline in overall health resulting in fatigue and adverse effects in all aspects of social activities.[@CIT0012],[@CIT0016] Chronic fatigue persists as the disease progresses.[@CIT0017] Currently, the feeling of fatigue does not protect one's own energy from depletion, but rather aggravates the patient's disease itself.

The fatigue in CHB patients is closely related to their own disease and psychological factors. Evon[@CIT0018] surveyed 948 CHB patients and found that fatigue level was associated with demographics and clinical characteristics such as gender, income, advanced fibrosis, and poor mental health. Jang[@CIT0019] conducted a fatigue survey of CHB patients and showed that fatigue had a significant positive correlation with symptoms of anxiety. However, there are no studies evaluating the risk factors of fatigue in CHB patients or the relationship between fatigue and health related quality of life (HRQoL).

Therefore, this study aimed to evaluate the fatigue in CHB patients and its related independent factors. In this study, we analyzed various sociodemographic factors and evaluated the relationship between fatigue and HRQoL, thus providing an evidence-based medical evidence for targeted interventions.

Subjects and methods {#S0002}
====================

Subjects {#S0002-S2001}
--------

Our study enrolled 400 patients with CHB.The inclusion criteria were as followed: 1. serum hepatitis B surface antigen (HBsAg) sero-positivity for \>6 months; 2. Accompanied by alanine aminotransferase (ALT) levels greater than the upper limit of normal (ULN), documented on two separate occasions, at least 2 weeks apart[@CIT0020] Patients were excluded if they had hepatocellular carcinoma; co-infections with hepatitis C or D virus, or human immunodeficiency virus; any medical evidences of autoimmune hepatitis; heavy alcohol abuse; pregnancy; or were previously treated with interferon. Sociodemographic information was collected for all participating subjects. The definition of "regular exercise" is exercised at least once a week in our study. The Institutional Review Board of Nanfang Hospital have approved the study. All participants provided written informed consent and the study was conducted in accordance with the Declaration of Helsinki.

The flow chart is shown in [Figure S1](#SF0001).

Questionnaires {#S0002-S2002}
--------------

The 36-item Short-Form Health Survey (SF-36) was used to measure HRQoL of CHB patients.[@CIT0016] SF-36 is a brief self-administered HRQoL instrument commonly used in various disease populations. These items with higher scores represent better health conditions. The Chinese versions of the SF-36 questionnaire were available and provided by the developer. The validity and screening ability of this tool have been documented in various samples in China.

The fatigue status of CHB patients was assessed using the Multidimensional fatigue inventory-20 (MFI-20) that consists of 20 items, including general fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue. Each content has 4 entries, with each dimension containing 2 fatigue and non-fatigue representation questions each. A high score indicates a high level of fatigue.

Statistical analysis {#S0002-S2003}
--------------------

Continuous variables were expressed as mean and standard deviation, and categorical variables were expressed as percentages. The Chi-square test and student's *t*-test were applied as required to determine statistically significant differences. Univariate and multivariate analyses were used to find factors associated with fatigue. The statistical significance of all tests was set as *p*\<0.05 by two-tailed tests. Data analyses and quality control procedures were performed using SPSS for Windows, version 13.0 (SPSS Inc. Chicago, USA).

Results {#S0003}
=======

Demographic data {#S0003-S2001}
----------------

The questionnaire was completed by 400 patients. Based on the mean fatigue score of 47.17, the patients were divided into two groups of those with fatigue (fatigue group) and those without (non-fatigue group). The differences between the two groups are shown in [Table 1](#T0001){ref-type="table"}. Significant differences were observed for the female proportion (*t*=5.340, *df*=398, *p*=0.021), height (*t*=3.217, *df*=398, *p*=0.003), and weight (*t*=3.140, *df*=398, *p*=0.010), with or without regular exercise (*t*=10.669, *df*=398, *P*=0.001). We have also calculated the BMI and the results shows that BMI was significantly lower in fatigue group with 22.17(SD=3.08), compared with 22.85 (SD=3.06) in non-fatigue group (*t*=2.214, *df*=398, *p*=0.027).Table 1Factors associated with fatigue among CHB patientsVariablesFatigue*p*-valueFatigue groupNon-fatigue group**Sample Size**199201**Sex, M/F**162/37180/210.021**Age, years**37.84 (SD=9.47)38.28 (SD=10.04)0.651**Height, cm**166.84 (SD=6.26)168.90 (SD=6.53)0.001**Weight, kg**61.97 (SD=10.01)65.31 (SD=10.13)0.002**Education level**0.080 Primary2210 Secondary9095 Tertiary8796**Marital status**0.067 Unmarried4035 Married150162 Divorced92**Exercise, Y/N**145/54175/260.001**Smoking, Y/N**55/14459/1420.704**Alcohol consumption, Y/N**70/12975/1260.657**Family history, Y/N**91/10898/1030.545**Cirrhosis, Y/N**57/14242/1590.073**HBV DNA, Positive/Negative**27/17229/1720.804**ALT level, U/L**33.22 (SD=21.77)31.40 (SD=18.66)0.367**Infection duration, years**14.17 (SD=7.39)13.65 (SD=8.16)0.511**Treatment duration, years**6.81 (SD=4.27)6.30 (SD=3.94)0.222**Antiviral treatment**0.244 Lamivudine77 Adefovir1916 Telbivudine1318 Entecavir130114 Tenofovir3046[^2]

Dimensions of fatigue caused by different factors {#S0003-S2002}
-------------------------------------------------

In order to determine the dimensions of fatigue that were decreased by these factors, we analyzed the differences between the two groups for five dimensions of fatigue ([Figure 1](#F0001){ref-type="fig"}). The results showed that female patients presented significantly higher values for physical fatigue, mental fatigue, and reduced motivation as compared to male patients. For patients who exercised regularly, the fatigue scores for the three dimensions of general fatigue, physical fatigue, and reduced activity were significantly better than those without exercise habits. However, regular exercise did not affect the fatigue scores for the other two dimensions.Figure 1Different dimensions of fatigue caused by different factors. (**A**) Male patients show significantly lower values for physical fatigue (9.67, SD =4.33 vs 10.86, SD =3.51, *p*=0.048), mental fatigue (8.91±3.09 vs 9.98±3.45, *p*=0.017), and reduced motivation (8.46±2.99 vs 9.41±2.81, *p*=0.025) than female patients. (**B**) In patients exercising regularly, the fatigue scores for the three dimensions of general fatigue (9.94, SD =3.37 vs 11.47, SD =3.65, *p*\<0.001), physical fatigue (9.63, SD =4.33 vs 10.68, SD =3.78, *p*=0.046), and reduced activity (9.46, SD =2.91 vs 10.41, SD =2.91, *p*=0.008) were significantly better than in those without exercise habits. \**p*\<0.05.

Independent factors associated with fatigue {#S0003-S2003}
-------------------------------------------

Univariable and multivariable analyses were conducted to explore the independent factors that affected fatigue. Univariable results showed that gender, height, weight, and regular exercise were factors associated with fatigue in patients. However, multivariate analysis suggested that only height and regular exercise habits were the independent factors that affected the patients' fatigue levels. Patients with shorter heights and irregular exercise habits were more likely to experience fatigue ([Table 2](#T0002){ref-type="table"}).Table 2Univariable and multivariable analysis for fatigue in CHB patientsVariablesUnivariate analysisMultivariate analysisOR95% CI*p*-valueOR95% CI*p*-valueSex0.5450.305--0.9750.041Age1.0030.983--1.0230.799Height1.0481.015--1.0820.0041.0441.010--1.0780.010Weight1.0261.006--1.0460.011Education level1.1950.873--1.6360.265Exercise2.0381.222--3.3970.0061.8701.093--3.2000.022Marital status0.8950.616--1.3000.560ALT level0.9920.982--1.0020.121HBV DNA0.8230.465--1.4540.502Cirrhosis1.5080.950--2.3940.081Family history1.0870.734--1.6100.677Infection duration0.9930.968--1.0190.577Treatment duration0.9910.944--1.0410.721Antiviral treatment1.0690.868--1.3160.529Smoking1.0650.656--1.7300.799Alcohol consumption1.0240.653--1.6060.917[^3]

Relationship between hrqol and fatigue in CHB patients {#S0003-S2004}
------------------------------------------------------

We further analyzed the relationship between quality of life and fatigue. With respect to physiological HRQoL, the average fatigue score of patients with high HRQoL was 41.91, which was significantly lower than those with a low physiological HRQoL of 56.18 (*t*=12.253, *df*=398, *p*\<0.001). Moreover, the average fatigue score of the patients with low HRQoL was 55.25, which was significantly higher than those with high psychological HRQoL of 41.23 (*t*=12.326, *df*=398, *p*\<0.001), as shown in [Figure 2](#F0002){ref-type="fig"}.Figure 2Different health related quality of life of patients with fatigue and non-fatigue. (**A**) Among the physiological HRQoL, the average fatigue score of patients with high HRQoL was 41.91, which was significantly lower than those with low physiological HRQoL of 56.18 (*p*\<0.001). (**B**) The average fatigue score of patients with low HRQoL was 55.25, which was significantly higher than those with high psychological HRQoL of 41.23 (*p*\<0.001).**Abbreviation:**HRQoL, health-related quality of life.

Correlation analysis was conducted to explore the relationship between HRQoL and fatigue, and the results revealed that physiological HRQoL was negatively correlated with fatigue score (*r* = −0.639, *p*\<0.001). The higher the physiological HRQoL of the patient, lower was the fatigue. In the same way, the psychological HRQoL score was negatively correlated with the fatigue score (*r* = −0.655, *p*\<0.001). The higher the psychological life quality of the patient, lower was the fatigue, as shown in [Figure 3](#F0003){ref-type="fig"}.Figure 3Correlation between HRQoL and fatigue in CHB patients (**A**) Correlation analysis showed that physiological HRQoL was negatively correlated with fatigue score (*r* = −0.639, *p*\<0.001). (**B**) Psychological HRQoL score was negatively correlated with the fatigue score (*r* = −0.655, *p*\<0.001).**Abbreviations:**HRQoL, health-related quality of life; CHB, chronic hepatitis B.

Discussion {#S0004}
==========

CHB patients not only suffer from impaired physical health, but also mood disorders and both affect their fatigue levels.[@CIT0021] The fatigue level of patients with CHB is obviously inferior to that of the general population.[@CIT0022],[@CIT0023] Although the impairment of fatigue in CHB patients has been confirmed, the difference in the fatigue dimensions of CHB patients in different subpopulations is unknown. The risk factors and relationship between fatigue and HRQoL is also unclear. This study was the first to observe the different dimensions of fatigue in patients with CHB. Herein, we found that the fatigue dimensions vary among different subpopulations of CHB patients. Female patients show significantly higher values in terms of physical fatigue, mental fatigue, and reduced motivation than male patients. In patients exercising regularly, the fatigue level of general fatigue, physical fatigue, and reduced activity are significantly better than in those without exercise habits. Moreover, height and regular exercise habits were the independent factors that affected the patients' fatigue levels. Patients with shorter heights and irregular exercise habits were more likely to experience fatigue. For such patients, more attention should be paid to their fatigue and prompt intervention is necessary.

Fatigue is a common symptom in patients with CHB.[@CIT0018],[@CIT0019],[@CIT0024] Some CHB patients may regard fatigue as a symptom that they experienced in the course of CHB. However, fatigue in CHB patients, while affecting the symptoms of the disease itself, may also cause mental illness in patients.[@CIT0024] Hence, early identification of patients with fatigue is important. The results of this study revealed that women, irregular exercise, lower height, and lower body weight were prone to fatigue. For patients with CHB who complained of fatigue, health care providers may recommended that they rest and sleep more. In our study, results showed that regular exercise could reduce the risk of fatigue in these patients. Therefore, for fatigue patients with CHB, it is probably not a good suggestion to recommend more rest. Whether regular exercise can improve the fatigue status in patients with CHB remains to be studied further. However, it is reported that regular exercise in cancer patients relieves fatigue symptoms.[@CIT0025]--[@CIT0027] In patients undergoing regular exercise after chemoradiotherapy, the level of fatigue was significantly lower than in the control group.

The data from this study also showed that patients with CHB having lower height and lower body weight were also more prone to fatigue. Clinically, such patients should pay more attention to their fatigue status and undergo timely intervention. However, it is unclear what intervention can alleviate the fatigue status of CHB patients. Previous studies have shown that massage can effectively improve symptoms including fatigue.[@CIT0028]--[@CIT0030] Since fatigue is also a kind of emotional symptom, reducing stress and increasing social support can effectively alleviate fatigue. A breast cancer study in Australia evaluated the fatigue intervention in patients that included emotional interventions and social support programs.[@CIT0027] After the intervention, the patients' fatigue levels decreased significantly. In the future, a prospective multicenter fatigue intervention study for CHB patients is necessary.

Although the decline in HRQoL and fatigue are common symptoms in patients with chronic hepatitis B, the relationship between the two has not been fully clarified. Our study found that the HRQoL of patients with CHB was closely related to fatigue. When fatigue declined, the HRQoL significantly increased. Therefore, clinical help and guidance in reducing fatigue in CHB patients, such as disease knowledge education and social support may improve the HRQoL in them; thus reducing incidence of adverse events caused by poor HRQoL.

There are some limitations in our study. Certain social characteristics were not included in the statistics. Furthermore, because all the patients were from one medical center, a prospective multicenter study is still necessary. In our study, we failed to further explore the reasons why height and weight contribute to the outcomes. We believe that a well-designed controlled study is needed to answer this question. We hope to answer this question in future research.

Conclusions {#S0005}
===========

In this study, the results showed that female patients presented significantlyhigher levels of physical fatigue, mental fatigue, and decreased power than male patients. In patients exercising irregularly, the fatigue level of comprehensive fatigue, physical fatigue, and decreased activity were significantly more severe than in those with exercise habits. Height and regular exercise habits were the independent factors that affected the patients' fatigue levels. Moreover, HRQoL was correlated with fatigue level. The more the fatigue, the poorer the HRQoL experienced by the patient. For patients with risk factors of fatigue, target intervention was necessary to decrease fatigue and increase HRQoL.
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